In this approach silver nanoparticles (AgNPs) were synthesised from Gymnema sylvestre stem extract. Gymnema sylvestre herb exhibits wide range of therapeutic properties. Phytochemical studies of this plant extract revealed the presence of alkaloids, flavonoids, tannins and glycosides. These phytoconstituents were responsible for the reduction of silver ions to silver nanoparticles. The bioreduced silver nanoparticles were characterised by UV-visible spectroscopy, fourier transform infrared spectroscopy (FTIR), x-ray powder diffraction (XRD) and high-resolution transmission electron microscopy (HR-TEM). The free radical scavenging activity of stem extract of Gymnema sylvestre was also evaluated using DPPH assay. The free radical scavenging capacity of plant extract as well as silver nanoparticles derived from same plant extracts was done. DPPH radical scavenging analysis of Gymnema sylvestre stem extract was found to be around 56.25% which was lower than the leaf extract of Gymnema sylvestre. DPPH radical scavenging ability of Gymnema sylvestre stem extract was found to be 56.25%. Antimicrobial activity of these silver nanoparticles was examined through disc diffusion method. Zone of inhibition formed against silver nanoparticles at 2
Introduction
Nanoparticles are clusters of atoms in range of 1-100 nm . Silver nanoparticles cover wide range of applications. Synthesis of silver nanoparticles (AgNPs) is of considerable interest now a day as they have many useful applications. The unique biological property of AgNPs plays a major role in application towards healthcare products and medical applications (Sangeetha et al., 2014) . Silver nanoparticles are synthesised by reduction in solutions.
The advancement of green synthesis over chemical and physical methods is environment friendly and cost-effective synthesis of AgNPs, furthermore there is no need of using high temperature, pressure and toxic chemicals (Mohamed et al., 2014) . In this study, Gymnema sylvestre is taken as plant material to synthesis AgNPs. The reduction of silver ions by biomolecules such as proteins, enzymes, alkaloids, tannins, phenols, saponins and terpenoids which are present in the plant extracts having medicinal values and are environmental friendly for synthesis of AgNPs. The size and shape of the nanoparticles can be controlled by varying the ratio of metal salts to reducing compound in the reaction medium (Kulkarni and Muddapur 2014; Niraimathee et al., 2016) .
Gymnema sylvestre (Asclepiadaceae) commonly known as 'Meshasringi' can be found in central, western India and can also be found in tropical Africa and in Australia. Gymnema sylvestre is one of the important anti-diabetic medicinal plants . It possesses anti-microbial properties (Kasturi et al., 2009) . Gymnema sylvestre possesses antitumor (Rachh et al., 2009) , anti-inflammatory (Banarjee et al., 2014) , antiulcer, anti-stress, anti-hyperglycemic and anti-allergic activity (Sandheep et al., 2012) . This plant extract also tested positive for alkaloids, glycosides. Glycosides were present only in stem extract and was absent in leaf and root extract which did not give any precipitation with benzene (Patel et al., 2012) .
Silver has its antimicrobial properties and it has been used for years in medical field. The exact mechanism of antibacterial activity of silver and silver nanoparticles (AgNPs) remains unclear (Kalainila et al., 2014) . It may be the reason that AgNPs change the membrane permeability of the cell. Silver ions strongly interact with the thiol groups of the compounds necessary for vital metabolisms to inactivate the bacteria. Such interactions would lead to death of the bacterial cell (Karen et al., 2011) .
The biological activity of plant extracts was attributed to phytoconstituents. These phyto compounds crossing the membrane would lead to the inhibition of pathogen growth. This antimicrobial activity is related to the different compounds present in the plant materials such as alkaloids, phenols and terpenoids which needs further investigations. The antimicrobial activity of the tested plant extracts against the gram negative bacteria was high. Higher resistance towards antimicrobial agents was recorded in gram positive bacteria (Sandheep et al., 2012) .
AgNPs are known to have antimicrobial and antioxidant properties (Nikalji et al., 2014) . The flavonoids exhibit a wide range of biological activities like antioxidant properties . The method of Yamasaki et al. (1994) was used for the determination of free radical scavenging activity. The DPPH (2, 2-Dipheny l-1-Picrylhydrazyl) is a free radical because of its free electron. Solution in absolute ethanol appears as a deep violet colour and shows absorption at 520 nm. DPPH radical can accept electron or hydrogen and appears as pale violet. If the test substance has antioxidant activity then the resulting solution would appear as pale violet.
Materials and methods

Collection of plants
Gymnema sylvestre stems were collected from the surrounding areas of Thanjavur, Tamilnadu, India. The stem part was freed from dust and dried under sunlight for more than two days and then dried using hot air oven at room temperature. After complete drying, the stems were cut into small pieces and powdered in a mixer. Powdered sample were stored and used for further analysis (Saranyadevi et al., 2014) .
Preparation of methanolic stem extract
Powdered sample (5 g) was taken and soaked in 100 ml of methanol (70%) for overnight. Soaked sample was boiled for 10 min and kept for stirring. Filtrate was taken in petri dish and kept in oven to evaporate the alcoholic content. Then scraped material was dissolved in small volume of water which was stored in an air tight container and protected from sunlight for further use.
Synthesis of AgNPs
The silver nitrate (AgNO 3 ) was purchased from Sigma-Aldrich with 99.5% purity AR grade. The methanolic stem extract of Gymnema sylvestre was used for the synthesis of AgNPs. 5 ml of methanolic stem extract was added to 100 ml of 1 mM AgNO 3 solution and incubated in shaker. The reduction of silver ions was observed by colour changes (colourless to reddish brown) in the solution, which confirmed the presence of AgNPs formation. Then this solution was centrifuged at 10,000 rpm for 15 min (Subashini et al., 2015) . The colour change from colourless solution to reddish brown colour ( Figure 1 ) observed in the solution showed that the AgNPs were formed on incubation with the methanolic stem extract of Gymnema sylvestre. 
Qualitative phytochemical analysis
Chemicals used for this analysis were of analytical grade. Methanolic stem extract sample was used for this study. Qualitative phytochemical analysis was performed to determine the alkaloids (Dragendorff), flavonoids (Alkaline reagent method), terpenoids (Liberman-Burchard test), phenols (Ferric chloride test), glycosides (Borntrager test), and carbohydrates (Molisch's test). The results were expressed as positive (+) or negative (-).
Antioxidant activity
The following assay procedure was referred from Subha et al. (2015b) . Methanolic stem extract sample was taken and DPPH was prepared using absolute ethanol. 500 μl of sample was added to 500 μl of DPPH. The reaction mixture was vortexed, incubated at dark for 30 minutes and its absorbance was measured at 520 nm. Absolute ethanol was taken as a blank. Mixture of ethanol and DPPH was taken as a control. The scavenging ability of the plant extract was calculated using the following equation.
% ( / ) *100 DPPH free radical scavenging activity
Control sample control = − where control is the absorbance of DPPH without sample, sample is the absorbance of DPPH with sample.
Characterisation
To confirm the presence of formed silver nanoparticles, UV-Visible spectrophotometer (UV-1800 Shimadzu spectrophotometer) instrument in the range between 300-800 nm was used. FTIR analysis was carried out to determine the biomolecules present in the stem extract which may be responsible for the formation of AgNPs. The sample was centrifuged, dried and grounded with KBr to form a pellet and it was analysed on Spectrum RX-1, range (4,000-400 cm -1 ), Perkin Elmer 5.2.1 model. Morphological analysis of AgNPs was studied by high-resolution transmission electron microscopy (HR-TEM). (Hitachi2000) model and crystalline size was analysed by x-ray diffraction (XRD) analyser.
Antimicrobial activity assay
The test micro-organisms used for the assay were Bacillus Stearothermophilus and Escherichia coli. Nutrient agar was used as a media for culturing of strains. The microbial cultures were taken and inoculated in nutrient agar which was incubated at 37°C for 72 h.
Antimicrobial activity assay was determined in the methanolic stem extract of Gymnema sylvestre using agar well diffusion method (Saranyadevi et al., 2014; Kalainila et al., 2014 Kalainila et al., , 2015 . 20ml of sterilised media was poured in the petri dishes. This was left undisturbed until the agar solidifies. Wells of 5 mm were created in the petri dishes. Five wells were created and labelled as 'A', 'B', 'C', 'D', 'E'. 10 μl of methanolic stem extract of Gymnema sylvestre was loaded in well 'A', 10 μl of 1 mM AgNO 3 solution was added in the well 'B', 10 μl of AgNPs (30 μg/μl) solution was added in the well 'C', 10 μl of AgNPs (60 μg/μl) solution was added in the well 'D', 10 μl of AgNPs (100 μg/μl) solution was added in the well 'E'. Incubate these plates for 24 h at 37°C. Plates were observed for zones which were formed as a clear area around the wells. Diameter of the zones was observed in mm and it was tabulated.
Results and discussion
Phytochemical analysis
Methanolic extract of Gymnema sylvestre was tested for its phytochemical constituents using various qualitative assays. In this study, it was found that the presence of alkaloids, flavonoids, phenols, glycosides, terpenoids and carbohydrates in methanolic extract of Gymnema sylvestre (Patel et al., 2012) stated that Glycosides were present in the stem extract of Gymnema sylvetre. Flavonoids, alkaloids were present in all parts of the plant; Benedict's reagent added to the extracts did not show any positive results for reducing sugars of reducing sugars in all studied plant parts. Same pattern of result obtained in this study were tabulated in the Table. 1. 
Antioxidant activity
DPPH radical scavenging ability of Gymnema sylvestre stem extract was found to be 56.25%. The flavonoids exhibited antioxidant activity and the study of Arunachalam et al. (2014) shows that Gymnema sylvestre leaf extract has the DPPH radical scavenging ability as 52.14% (+/-) 0.32%. This result clearly shows that taken stem extract has good antioxidant activity. By the comparative analysis it could be concluded that stem extract of Gymnema sylvestre has little higher free radical scavenging ability than the leaf extract of the same plant.
UV visible spectroscopy analysis
UV visible spectroscopy analysis method is one of the reliable techniques to characterise the AgNPs. Formed AgNPs possess surface plasmon resonance that was recorded using UV visible spectroscopy. The colour change from colourless solution to reddish brown colour is due to combined oscillation of the excited electrons in the AgNPs. Addition of plant extract to the AgNO 3 solution turned to pale yellow colour which was further changed into reddish brown colour. UV visible analysis was done at the range of 300 to 800 nm. The analysis showed the absorption peak at 443 nm (Figure 2 ). Similar kind of result was obtained by Saranyadevi et al. (2014) . Absorption spectra of AgNPs were also recorded in different time interval which showed that the distinct peak around 440 nm was formed after 8 h of reaction (Figure 3) . Arunachalam et al. (2014) observed peak at 420 nm after 8 h of reaction condition. 
FTIR of silver nanoparticles
FTIR analysis was primarily done to investigate about the functional groups present in the nanoparticles and in the stem extract of Gymnema sylvestre. Phytochemical constituents like alkaloids, flavonoids, terpenoids, amino acids, glycosides present in the stem extract were responsible for reduction of silver ions to silver nanoparticles and for the stabilisation of silver nanoparticles. FTIR analysis shown in Figures 4 and 5 depicts the functional groups in stem extract of Gymnema sylvestre and those adhered on AgNPs respectively.
Figure 4
Fourier transform infra-red spectroscopy of Gymnema sylvestre stem extract and silver nanoparticles (see online version for colours)
Peaks near 3,852 cm -1 corresponds to O-H stretch, peaks near 2,925 cm -1 corresponds to C-H stretch (Saranyadevi et al., 2014) , peaks near 1,107 cm -1 corresponds to functional group of aliphatic amines and whereas 2,850 cm -1 to alkenes (Saranyadevi et al., 2014) . 1,200-1,000 cm -1 region corresponds to C-OH side groups and the C-O-C glycosidic band vibration (Yijun et al., 2015) peaks near 1,107 cm -1 corresponds to C-H stretch, peaks near 531 cm -1 corresponds to alkyl halides (Subha et al., 2015a (Subha et al., , 2015b , peaks near 1,408 cm -1 corresponds to aromatic stretch (Saranyadevi et al., 2014) , peaks near 1,053 cm -1 corresponds to C-C stretch, peaks near 668 cm -1 corresponds to C-H stretch. 1,636 cm -1 corresponds to C=O bond of amide (Kaler et al., 2014) . This result showed that reduction of silver ions may be due to phytoconstituents such as saponins, terpenoids and gymnemagenin derivative of gymnemic acid . Thus, we can confirm that the nano capping of the phytochemicals from the Gymnema sylvestre stem extract is responsible for the reduction and stabilisation of the AgNPs.
XRD
Three distinct diffraction peaks obtained from the XRD analysis for 2θ = 38.12, 46.2, 63.81 and 74.1 that indexed the planes (1 1 1), (2 0 0), (2 2 0) and (3 1 1) of the face cubic centre (FCC) of silver. Hence from XRD, it is confirmed that Gymnema sylvestre stem extract not only reduced the silver but also formed into crystalline structure (Kalainila et. al., 2015; Subha et al., 2015a Subha et al., , 2015b . The average size of the nano crystalline can be estimated by Debye-Scherer formula (Yamasaki et al., 1994) .
where D represents particle diameter size, k is a constant whose value approximates to1, λ is the wavelength of x-ray source (1.5054 nm) and β is the full width at half maximum (FWHM). From the Scherer formula, the average crystalline size of silver nanoparticles is found to be 25 nm. 
High resolution transmission electron microscopy analysis
Size and shape of the nanoparticles can be estimated using TEM analysis. TEM image of AgNPs is shown in Figure 6 . From this study, we could conclude that bioreduced AgNPs were almost spherical in shape. Concentration of Gymnema sylvestre stem extract solution plays a vital role in average particle size of AgNPs. Thus, TEM analysis proved that the formed AgNPs were in nano range and the various size of the nanoparticles were been measured and listed out in size distribution chart in Figure 7 . 
Antimicrobial activity assay
In this study, antimicrobial activity of Gymnema sylvestre stem extract was evaluated. Figure 8 shows that Antimicrobial activity seems to be higher in gram negative microorganism (E. coli) and for gram positive organism (B. Stearothermophilus) antimicrobial activity reduces. Parallel results were observed by . This anti-microbial activity of the plant extract may be due to alkaloids, phenols and terpenoids present in the plant extract (Elmarie and Johan, 2001 ). Silver nanoparticles exhibits antimicrobial activity through several mechanisms such as, Silver ions cause the release of potassium ions from bacteria. Silver ions targets the plasma membrane associated enzymes and it targets DNA thereby exhibits antibacterial activity. Silver ions deposited into the vacuole and cell walls as granules causes the growth inhibition of microorganisms. They inhibit cell division and damage the cell envelope and cellular contents of the bacteria. In this study, antimicrobial activity of AgNPs formed was higher when compared to AgNO 3 and plant extract. Table 2 tabulates the values obtained for the zone if inhibition of different amount of silver nanoparticles. 
Conclusions
In this investigation, green synthesis of AgNPs were targeted using the stem extract of Gymnema sylvestre. Stem part of Gymnema sylvestre remains less used as the leaves of this plant has been targeted for many applications so the stem part can be effectively used for green synthesis of AgNPs. Antioxidant activity of Gymnema sylvestre stem extract was evaluated. Phytoconstituents such as glycosides, terpenoids, flavonoids, alkaloids play a major role in reduction of silver ions to AgNPs. The formed AgNPs were characterised through UV-visible spectroscopy, FTIR, XRD and HR-TEM. The antimicrobial activity of AgNPs and Gymnema sylvestre stem extract were studied. As a result, of antimicrobial studies it was found that AgNPs had good antimicrobial activity towards gram negative microorganism rather than gram positive microorganisms.
